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Abstract 
This workshop examined the range of portable devices, their advantages and limitations in terms of technology, the 
methodologies to extract useful information for travel behavior analysis from portable device data, and how data from multiple 
sources may be fused together to obtain the data needed for travel demand modeling. In addition, the workshop identified 
challenges and the research opportunities ahead. But there was general consensus that the travel data collection field is at an 
exciting point in its history, with unprecedented opportunities to collect rich travel data at fine resolutions of space and time. 
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1. Introduction 
In recent years, we have witnessed tremendous technology progress in almost every aspect of our lives. 
Smartphones, GPS navigators, bluetooth devices, tablets, and other wireless devices are becoming ubiquitous. In 
2013, 91% of the adults in United States owned a cellular telephone, with 55% of adults indicating they owned a 
“smartphone” (Smith, 2013). In emerging countries such as Chile, Lebanon, and China, the smartphone ownership is 
around 40% (Wike and Oates, 2014); in countries such as Australia, Canada, and Ireland, the smartphone ownership 
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is at 60% (Mackay, 2012). Smartphones are becoming increasingly prevalent in countries in Africa too, though the 
ownership rates there have been somewhat difficult to quantify. Nevertheless, WiFi service and infrastructure are 
increasingly common in public places (such as shopping malls and government facilities) in Africa. 
To be sure, people do not merely own these devices—they are using their smartphones and other electronic 
devices for multiple purposes, such as getting directions, checking on happenings in their neighborhood, connecting 
and coordinating with their friends and family, and looking for establishments nearby. These devices are small (and 
getting smaller by the day), easy to carry, GPS-enabled, and easily programmable. This ubiquity of mobile/wireless 
devices and their potential for automated functioning has unlocked a huge potential for travel data collection. In 
particular, we are at the point where activity or travel data can be captured automatically and passively, leading to 
high response rates (Lee-Gosseling et al., 2012, Zmud et al., 2013, Sen and Bricka, 2013, and Rasouli and 
Timmermans, 2014). However, there are several data collection, handling, and processing challenges that need to be 
addressed in doing so. These are briefly discussed below. 
 
GPS technology: The success of GPS technology as a survey instrument depends on the ability of the analyst to 
accurately derive the activity-travel information from the GPS streams (Srinivasan et al., 2009). When GPS-based 
real-time data is being collected for route choice analysis purposes, there may be line-of-sight obstructions between 
the GPS device and the satellite caused by tree canopies and tall buildings, and data for certain route segments may 
not get captured by the GPS device. In other cases, the satellite lock may be frequently lost in downtown areas 
because of reduced access to the GPS antenna, which may result in a total loss of data for specific routes or 
segments. 
  
Wireless networking technology protocols, such as bluetooth, can be power intensive, hampering their use. 
Another challenge lies in the deployment of bluetooth sensor systems for adequate coverage in an urban area 
(Friesen et al., 2015). After all, bluetooth-based estimation depends on a high penetration of bluetooth technology in 
a region, as reliability increases with higher penetration. At the same time, the presence of multiple active bluetooth 
devices in one vehicle could impair origin-destination matrix estimation (Yucel et al., 2013). Lastly, people carrying 
bluetooth devices are likely to represent a segment of the population that is at the higher end of the income spectrum, 
thus not providing data on a the entire spectrum of the population (Kostakos, 2008). 
 
Smartphones: One of the key limitations of collecting activity-travel data from smartphones is their battery life. A 
fully charged smartphone battery will not last longer than 3 hours if the GPS sensor is on. Such a short battery life is 
undesirable for users and for data collection. Another challenge associated with collecting data through GPS sensors 
in smartphones is inaccuracy and low frequency of observations. Unlike those used in dedicated GPS devices (such 
as GPS-equipped vehicles), the sensors embedded in smartphones are low cost and thus more prone to failure. In 
addition, users often carry smartphones in bags or pockets, which results in a weaker signal. Moreover, data 
recording intervals are generally set high in smartphones’ GPS sensors due to the limitations of the phone’s battery 
life and the cost of transmitting data via wireless networks, which results in sparse observations. Furthermore, GPS 
data collected from smartphones could be incomplete, as data could be missing (a) when the phone is indoors with 
no signal connection between the phone’s GPS sensor and a satellite, (b) when the phone’s battery gets discharged, 
and (c) at the beginning of trips due to the GPS software’s start-up time (Rasouli and Timmermans, 2014). In 
addition, areas with poor cellphone coverage will adversely affect cell-based data collection efforts. The device may 
position itself in a location totally different from its actual location, and then find the correct location again, creating 
nonsensical paths (Stopher and Speisser, 2011). Of course, location inference in smart phones can be upgraded to the 
level of GPS devices to improve accuracy. While this may have consequences today for battery life and consequent 
impacts on the completeness of data collection, technology advancements are likely to make this issue mute very 
soon. More long term though is that the collection of travel data from smartphones invokes concerns about privacy. 
Protection of the respondents’ private data through research and beyond (whether data or other residual information) 
is of utmost importance, as data collected through smartphones could potentially be used for unintended purposes 
(Horn et al., 2014). For example, location data could be used to identify a respondent’s location and track their 
movements via the geotags embedded in many digital picture files; further, people who have not given consent for 
the study could be captured in those photo files (Link et al., 2014). Customized smartphone applications used to 
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collect data can also incur data costs, especially if data is transferred via the general packet radio service (GPRS) 
network. These costs can be a disincentive for some smartphone users, particularly those who are price sensitive. 
Additionally, administrating purposefully designed smartphone applications, typically downloaded via the Apple 
APP store or the Google Play store, may lead to selection bias in smartphone-based data collection. Specifically, 
while the younger technology savvy generation may find downloading an undemanding task, the older more 
conservative smartphone users can find this an intimidating task. 
  
Smart cards: Although not technically a “wireless device,” smart cards (information coming from the fare system 
transactions) can be considered an important source of dynamic information about the travel behavior of public 
transportation users (Pelletier et al., 2011, Munizaga and Palma, 2012, Devillaine et al., 2012, and Spurr et al., 
2014), especially when this information is cross-referenced with GPS databases. Although they can provide data 
only from public transit users, smart cards present the possibility of collecting data of huge volume, scope, and 
continuity without the errors arising from nonresponse or lack of truthfulness. Also the data collection is quick, easy 
and extremely cheap. However, since no sociodemographic information about the users is available, some 
information may be imputed from complementary surveys. 
  
In addition to the data collection challenges discussed above, the use of GPS, wireless devices, smartphones, and 
smart cards also introduces methodological challenges related to processing of the resulting data and how the data 
may be stitched together for specific analyses. After all, the data we obtain from these devices does not include all 
the information we need for our travel behavior models. For example, if we track only the origins and destinations in 
an individual’s daily routine, without additional information supplied by that person, we cannot accurately discern 
travel purpose or the kinds of activities pursued during the day (Bricka and Murakami, 2012). Several studies have 
proposed different methods to impute such dimensions as activity purpose, travel mode used, and other elements 
previously provided by paper-based travel surveys (Devillaine et al., 2012, Kohla et al., 2014, and Montini et al., 
2014). In addition, as mentioned before, the distance measures extracted from GPS or mobile communications 
systems may be inaccurate; comparison with more traditional methods, such as self-reported travel distances or GIS 
software analysis, needs additional investigation. Further, there is a need for procedures and algorithms to post-
process data from portable devices efficiently and reliably to obtain travel measures. The challenge here is to do so 
from even relatively sparse and messy/missing data. 
2. Workshop focus 
This workshop examined the range of portable devices, their advantages and limitations in terms of technology, 
the methodologies to extract useful information for travel behavior analysis from portable device data, and how data 
from multiple sources may be fused together to obtain the data needed for travel demand modeling. In this regard, 
the traditional household surveys provide rich information on demographic information, joint activity participations, 
and the entire activity-travel paths, though they are subject to inconsistencies due to memory recall problems and 
fatigue effects. They also are quite expensive. On the other hand, passive data collection methods using portable 
devices are relatively inexpensive and can provide detailed data regarding such dimensions as route choice, but are 
fraught with messy/missing data problems and do not provide a comprehensive picture of entire activity-travel paths 
and demographics. The point is that modern technologies are playing an increasing role in our lives, and there is an 
opportunity to harness such technologies for travel demand modeling and travel behavior analysis. 
3. Workshop outcomes and research directions 
The workshop discussions were guided by four initial presentations: 
• Stop Detection in Smartphone Based Travel Surveys. Authors: Fang Zhao, Ajinkya Ghorpade, Francisco Pereira, 
Christopher Zegras and Moshe Ben-Akiva 
• Comparison of Automated Travel Diaries Generated from Smartphone Data and Dedicated GPS Devices. 
Authors: Lara Montini, Andreas Horni, Nadine Rieser-Schüssler and Kay W. Axhausen 
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• The Challenge of Obtaining Ground Truth for GPS Processing. Authors: Peter Stopher, Claudine Moutou, Li 
Shen and Wen Liu 
• Classification of GPS Data using Spatio-Temporal and Behavioral Context. Authors: Petr Kouril, Petr Senk and 
Michal Trnen 
The workshop discussed many issues related to data collection, processing, quality, and comprehensiveness of 
coverage in relation to travel surveys using portable devices. The main discussion points of the workshop are listed 
in the subsequent sections. 
3.1. Maturing field 
The area of portable device data collection is still a maturing field, even though there have been many attempts 
across the globe to collect travel information using such devices. However, these efforts are rather independent, with 
different applications, different algorithms to register traces, and different processing procedures for the traces to 
distill the information to human movements. In some cases, the processing is also proprietary. There is a need to 
synthesize the experiences from different efforts and different locations, so that the field can benefit from the 
collective experience gained so far. 
3.2. No one data source is perfect 
With the advent of passive data collection through portable devices, there has been a sense that such passive data 
collections provide better information about movements than traditional survey data collection efforts. This is not 
necessarily the case, because of technology problems (that, for example, do not record location information in urban 
canyons) or processing assumptions (that, for example, declare a stop when there is not one). The use of portable 
device data as the “ground truth” to make conclusions about the quality of traditional survey data is, therefore, not 
entirely appropriate. At the same time, the use of “prompted recall” as the ground truth can also be misleading, 
because studies have shown that prompted recall can itself be missing some activity details or provide incorrect 
information on specific activity dimensions. In general, then, an open question is how to deal with messy/missing 
data from portable devices. Also, an interesting research direction is to examine how best one can fuse data from 
multiple technological sources, or optimally combine samples collected using traditional surveys and portable 
devices. 
3.3. Representativeness of sample 
It is becoming increasingly difficult to identify a sampling frame that represents the population. This is because 
technology is being adopted to different extents, and used in quite different ways, by different population segments. 
Even in traditional surveys, the use of a phone directory that does not include cell phones is not very representative 
because many specific population segments (such as college students) do not have a land-line but only a cell phone. 
Essentially, in all these cases, the issue of representativeness of the sample is an important issue. In the case of 
portable devices, do different population segments opt-in at different levels based on perceived burden levels, 
privacy issues, and security concerns. Traditional methods such as weighting may help make samples representative 
of the population, but these weighting schemes do not consider self-selection considerations. That is, there may be 
unobserved factors that impact levels of privacy and security concerns and, if these unobserved factors impact 
participation rates as well as activity-travel intensities, the result is a sample that does not accurately reflect the 
population-level activity-travel characteristics. Thus, there is a need for substantial additional research on methods 
to appropriately obtain population estimates from sample data. At the same time, the knowledge that specific 
demographic groups are more (or less) likely to participate in portable device-based surveys can inform the effective 
targeting and recruiting of individuals. 
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3.4. Scalability considerations 
This issue is related to the representativeness of the sample, though the focus here is more on representativeness 
of activity-travel patterns captured in the survey rather than representativeness in terms of individual participants. 
For example, whether to collect single day activity-travel data or multi-day activity-travel data is an old issue, and is 
not specific to new methods of data collection. But there is a need for research to examine accuracy considerations 
in the context of portable technology data collection. Just as the case of fatigue in traditional survey collection 
approaches, are there systematic biases in activity-travel intensities in portable device-based methods for data 
collection (for example, because people may not wear these devices on some days, and the intensity of doing so 
increases with the length of the data collection period). Similarly, what is the trade-off between collecting data from 
a small number of households with all members involved in the data collection effort versus collecting data at the 
individual level from a large number of individuals? Also, does the heterogeneity in the quality of smart phones (in 
terms of geolocation precision and other features) affect the representativeness of the activity-travel data collected? 
Similarly, what trade-offs exist in terms of accuracy and precision of activity-travel traces in terms of data collection 
window intervals, battery life, and action triggers, and how do we reconcile location cloud patterns from Global 
Positioning Systems (GPS) to point layers from Geographic Information Systems (GIS) for activity purpose 
imputations? 
3.5. Understand audience and opportunities 
Finally, it is important to clearly articulate what data will be collected using the portable devices, and how this 
data is planned to be used for improving the travel experience of individuals. But one can also go beyond the travel 
experience to provide added value that may be of interest to respondents. That is, we must get “buy in” from 
respondents as well as other stakeholders on how the data may be useful for purposes beyond transportation. 
4. Conclusions 
Technological advancements in the past decade have made the passive and large-scale collection of travel data 
using portable devices possible. However, many challenges remain that only open the door for many more directions 
of research. First, the translation of passive travel data traces to usable activity-travel patterns for analysis remains a 
challenge, with different algorithms and protocols used for this purpose. Better evaluation of the performance, and 
the sharing, of such algorithms and protocols would benefit from the collective experience gained so far. Second, no 
one data collection approach is capable of providing all the data needed for travel analysis. Thus, a research 
opportunity is to investigate how best one can fuse data from multiple technological sources, or optimally combine 
samples collected using traditional surveys and portable devices. Third, we still know very little about 
representativeness of travel data collected through different portable data collection mechanisms. There is a research 
need to examine this representativeness issue, as well as a need for additional research on methods to appropriately 
obtain population estimates at different scales from fused sample data. There are also additional considerations 
related to travel data incompleteness caused by battery life, though technological advancements should quickly 
make these issues mute. More important will be legal and privacy concerns. However, overall, it is fair to say that 
the travel data collection field is at an exciting point in its history, with unprecedented opportunities to collect rich 
travel data at fine resolutions of space and time. 
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Ben-Akiva  
Comparison of Automated Travel Diaries Generated from Smartphone Data and Dedicated GPS Devices. Authors: Lara Montini, Andreas Horni, 
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The Challenge of Obtaining Ground Truth for GPS Processing. Authors: Peter Stopher, Claudine Moutou, Li Shen and Wen Liu  
Classification of GPS data using spatio-temporal and behavioral context. Authors: Petr Kouril, Petr Senk and Michal Trneny Posters associated 
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